To identify in tissue sections the relative positions of antigen distributions close to the resolving power of the microscope, we have developed the fluorescence overlay antigen mapping (FOAM) procedure. As this technique makes high demands on the geometric fidelity of the overlay image, it is essential to recognize geometric errors resulting from optical hpcrferrions. This applies in particular to the image shift di&rmoe (ISD) that may routinely occuz during fluorescence overlay. We desaibe here procedures for assessment and mechanical correction of the ISD in tissue sections. Furthermore, we describe an alignment verification test to as-
Introduction
Immunofluorescence microscopy (IFM) has proven to be a valuable tool in the differential diagnosis of bullous skin diseases, in particular the bullous immunodermatoses (BID) characterized by in vivo bound immune reactants such as IgG, IgA, and/or C3c (3,6,18). Therefore, a linear staining pattern at the epidermal basement membrane zone (EBMZ) for IgG, IgA, and/or C3c has become a routine diagnostic hallmark of the subepidermal BID (1,5). However, immunoelectron microscopic studies have shown that this linear EBMZ staining pattern has restricted value in classifying disease variants within the spectrum of subepidermal BID, as the immune reactants are detectable at different disease-specific topographic sites of the EBMZ (2,9,11,14-16). Therefore, definitive distinction among the recognized disease variants must still rely on immuneelectron microscopy. Since this demanding and time-consuming technique is not always routinely available to practicing dermatologists, we have attempted to develop a more accessible diagnostic and research technique, referred to as FOAM (fluorescence overlay antigen mapping).
The agnostic purposes the technique aims at the detection of diseasespecific differences in antigen distributions at the EBMZ (1,3), e.g., disease-specific IgG or IgA relative to the site of structural EBMZ antigens such as the 180 KD antigen of the hemidesmosome and collagen Type VI1 of the lamina densa. Since the differences in the antigen distributions mentioned are close to the resolving power of the microscope, it is essential to recognize some technical pitfalls of the overlay procedure.
Within the framework of the present study we are primarily interested in geometric errors that may routinely occur during photomicrographic or videomicroscopic overlay of fluorescent images. Various errors arising at different levels of the optical system may interfere with the geometric fidelity of the image (Table 1) . This applies particularly to the image shift difference (ISD) resulting from optical imperfections of the filter sets used for selective excitation and emission at different wavelength bands. We will show that the ISD occurring in fluorescence overlay may seriously hamper reliable evaluation of differences in antigen distributions at the EBMZ level. This finding implies that the FOAM technique should include procedures for correction and verification of the ISD.
This communication, which forms part of a wider study on the FOAM technique, describes procedures for assessment, mechanical correction, and verification of the ISD in tissue sections. These procedures should be of help to avoid incorrect multicolor fluorescence overlay using photomicrographic recording. Further details of the FOAM technique, such as color fidelity and its utility for diagnostic and research purposes, will be published separately. Manual stage shifting a This list of pitfalls and errors is far from complete (7.10.19,ZO). Topics dealing with, e.g., multistep antigen staining specificity, color fidelity, and photometric and display degradation, are not considered here. Some of these subjects will be discussed elsewhere.
Materials and Methods

Shin Specimens
We used 4-mm punch-biopsy specimens obtained from white patients under local anesthesia with 2% lidocaine. The skin specimens were snap-frozen in liquid nitrogen and stored at -8O'C. For study of the ISD, we used skin specimens that showed no abnormalities in routine IF microscopy.
Antibodies
The primary antibody used to stain the EBMZ marker, collagen Type VII, was a monoclonal mouse IgGl anti-collagen Type VII, dilution 1:30, previously described as MoAb LH7:2, kindly provided by Dr. I. M. Leigh, London Hospital, London, LJK (17) . Secondary antibodies included biotinylated yl heavy chain specific goat anti-mouse IgGl, dilution 1120 (Southern Biotechnology; Birmingham, AL) and affinity-purified lissamine rhodamine sulfonyl chloride (LRSC)-conjugated donkey anti-goat IgG, affinisorbed for horse, human, mouse, rabbit, and rat serum proteins, dilution 1:lOO (Jackson Immuno Research; Avondale, PA). Binding of the biotinylated antibody 71rls visualized by incubation with dichlorotriazine-fluorescein (DTXF)conjugated streptavidin, dilution 1:200 (Jackson Immuno Research). All antibody dilutions were made in PBS 0.01 M, pH 7.3, supplemented with 5x cryst. ovalbumin, 4% wlv (Serva; Heidelberg, Germany).
Immunofuorescence Staining and Microscopy
Cryosections (4 pm) were mounted on silane-coated glass slides, air-dried before a fan for 30 min, and stained for 30 min at ambient temperature with the proper antibody (see below). Staining steps were alternated with washing steps (three times for 5 min) in PBS. Sections were mounted in PBS-glycerol, 50% vlv, pH 7.5, containing 1.5 mg/ml of the anti-fading reagent p-phenylene-diamine (Sigma; St Louis, MO).
The sections were examined with a Leitz Orthoplan microscope equipped with a high-pressure xenon arc (mO-75W) and a mercury arc (HBO-5OW). Wavelength band selection was made by a 41 Ploemopak unit for incident light excitation. This unit contained the following filter sets: (a) TXR cube, BP540-580, DRLPS95, BP605-665 (Omega Optical; Brattleboro, VT); (b) I2/3 cube, BP450-490, DRLP510, LP515 (LeitzlLeica; Wetzlar, Germany); and (c) A cube, BP340-380, DRLP400, LP430 (LeitdLeica). To obtain selective emission for green fluorescence it appeared necessary to add the shortpass interference filter SP560 (Omega Optical) in the emission path of the I2/ 3 cube. Selective emission for blue fluorescence was obtained by adding in the emission path ofthe A cube the bandpass interference filter BP460/50 (Chroma; Brattleboro, VT). Red fluorescence was obtained by excitation with the HBO-SOW arc, green fluorescence by excitation with the XBO-75W arc, and blue fluorescence by excitation with either the XBO-75W or the HBO-SOW arc. For transmitted light microscopy we used a halogen lamp (12Vl loow) and phase-contrast condenser.
Photo-and Videomicroscopic Overlay Imaging
This technique involves superposition of fluorescent images at two or three selective, fluorochrome-matched emission wavelength bands, either by photomicrographic or videomicroscopic procedures. Photomicroscopic overlay requires a camera that enables multiple recording on the same film frame by blocking film transport. For this purpose we used a Vario Orthomat-2 (Leitzkica) set at non-automatic film transport and manual ocposure time. Although the user is free to choose between manual and automatic exposure time, we prefer the manual option for reasons of color fidelity. This latter topic will be published separately (Bruins et al., manuscript in preparation) . Photomicrographic recordings were made on Fujichrome 400 ASA color reversal film, using a x 4010.70 NPL Fluotar objective lens. Color reproductions were made by the Cibachrome procedure (Illford A G Fribourg, Switzerland).
Image Shift Difference
The study of image shifting, using photomicrographic overlay, includes procedures for (a) ISD assessment, (b) ISD correction by mechanical alignment, and (c) verification of the alignment accuracy. To carry out these procedures it is essential that the fluorescence microscope is equipped with a stepless, turnable (110' rotation) mechanical stage and an eyepiece ( x 4) with cross-hairs.
ISD Assessment. The magnitude and direction of the ISD were determined with the aid of stage micrometer S12 (Graticules; Tunbridge, UK), measured interval 2 pm. The micrometer was positioned along the Xor Yaxis ofthe cross-hairs, using transmitted light illumination and the "green" filter set. Without using geometric error correction, the extent of displacement of the micrometer relative to the fitted position of the cross-hairs was then easily determined after switching to the "red" and "blue" filter set, respectively. To illustrate in the same picture, after switching filter sets, the relative positions of individual images of the micrometer (Figure 2 ) we used triple videomicroscopic overlay. The acquisition and processing of the individual red (TXR cube), green (I2/3 cube plus SP560 filter), and blue (A cube plus BP460150 filter) image was carried out using a CCD5000/1 camera (Lord Fairchild Imaging Sensors; Milpitas, CA) with exposure time control board (devised by M.H.W.), MVP-AT image processor (Mauox Electronic Systems; Dorval, Quebec, Canada) and IBM-PC-compatible computer system (23). Hard copies of images were obtained by screen photography on Kodak Ektacolor 160 Professional color negative film.
ISD Correction. In photomicrographic overlay it is feasible to correct only for the ISD (Table I) Before deciding which object field to select for overlay imaging (Step 7). it is important to verify that the selected geometric calibration spots in the "green" phase-contrast image (Step 10) are clearly visible as well in the "red" and "blue" phase-contrast image using the red and blue filter set. respectively. At the same time, one should verify that the fluorescent image is in focus at each of the desired wavelength bands using fluorescence epi-illumination instead of phase-contrast. The latter verification step should exclude unpredictable errors resulting from focusing in between the photographic overlay steps.
Alignment Verification Test. It is essential that the accuracy of the ISD correction by mechanical alignment can be verified. For this purpose we developed an alignment verification test in skin tissue, using the structural EBMZ antigen collagen Type VI1 as the geometric verification marker. This test involves concomitant staining of the verification marker with two or three differently colored fluorescence tags. In the present example, the collagen Type VI1 marker was given both a red and green fluorescent tag, using the following four-step staining procedure: [ 11 mouse IgGl anti-collagen Type VII; [2] biotinylated goat Ig anti-mouse IgGI; [3] DTAF-conjugated streptavidin; [4] LRSC-conjugated donkey Ig anti-goat IgG. The rationale behind this staining procedure is that both the red and the green fluorescent signal of the verification marker must localize at exactly the same site in the overlay image when no shift or whatever geometric error occurs. This performance testing principle enables evaluation in tissue sections of both the geometric error and the accuracy of the ISD correction. Although the test has been devised primarily for use in photomicrographic fluorescence overlay, it may also serve to verify software-implemented correction of geometric errors in videomicroscopic overlay,
Results
In this study we are primarily interested in geometric errors (Table  1) that may commonly occur in fluorescence overlay imaging as a result of optical imperfections. In the present context, the assessment, correction and verification of the ISD are of special interest. The ISD. unlike the IMD and GID (Table I) , is considered a firstorder error. For this reason, and because in photomicrographic overlay it is possible to correct only for the ISD, we will for the moment disregard the IMD and GID.
The magnitude and direction of the ISDs for the red, green, and blue filter set combination are well demonstrated in the videomicroscopic overlay image of a stage micrometer with measured interval of 2 pm (Figure 2 ). The illustration shows, for example, that the ISD for the red and green filter set combination is about 4 pm in the horizontal direction. If it were true that the ISD = 0 pm for each of the filter set combinations, the illustration would have shown a single, white-colored image of the micrometer instead. Each fluorescence microscope with interchangeable filter sets for selective excitation and emission will yield ISDs that are typical for that particular configuration. To avoid incorrect over- serving as the geometric verification marker. (a,b) The separate red and green  fluorescence patterns of the EBMZ. (c) The noncorrected fluorescence overlay shows the ISD by the different positions of the red and green EBMZ. (d) The corrected fluorescence overlay, using mechanical alignment, showssignificant reduction of the ISD, as judged from the more or less complete overlap of the red and green EBMZ. Double IF mic#smpy, Vobj. = x M 7 0 . Bar = 5 pm. I lays as a result ot mage shrtung, it IS essential to align individual images and to verify the accuracy of the alignment process. For this later purpose we developed an alignment verification test in skin tissue, using the structural EBMZ antigen collagen Type VI1 as the geometric verification marker. It is essential to this test that the very same marker be double or triple stained by red, green, and/or blue fluorescent tags. In the present example the collagen Type VI1 marker was labeled both red and green, as shown in the non-overlay illustrations (Figures 3a and 3b) . To evaluate the relative positions of the red and green fluorescence verification marker, the overlay image is indispensable. Without any correction of geometric errors, it is to be expected that the overlay of the red and green image will show an ISD quite similar to that detected with the stage micrometer (Figure 2) . Putting this to the test s h m that the doublelabeled verification marker appears as two separate EBMZ images in the non-aligned photomicrographic overlay (Figure 3c ). It is ob-vious that the ISD does not allow identrtication of differences in antigen distributions at the EBMZ level. Therefore, correction of the ISD appears essential. The mechanical alignment procedure ( Figure 1 ) may suit this purpose in photomicrographic overlay. Since this procedure is user-dependent and the relative antigen distributions involved are close to the limit of the resolution level, it is important to verdy the alignment accuracy in the same object field of interest. In our case, the double-stained collagen Type VI1 antigen perfectly serves this purpose, as it should yield, after optimal geometric error correction, a completely red-and green-matched single EBMZ. Thus. an almost complete overlap of the red and green EBMZ is obtained, using ISD correction by mechanical alignment and photomicrographic overlay (Figure 3d) .
These findings show that the ISD may seriously hamper reliable evaluation of relative antigen distributions using fluorescence overlay, and that the mechanical alignment procedure may ade-quately reduce the ISD as visually judged from the alignment ve&L cation marker.
Discussion
The FOAM technique is based on antigen detection by multicolor E M and overlay imaging either by photomicrography or videomicroscopy. For diagnostic purposes, this technique aims at the detection of disease-specific differences in antigen distributions, especially at the EBMZ level involved in the disease s p e c t m of subepidermal BID (4). Since the differences of the antigen distributions referred to are close to the limit of the resolution level, our aim places high demands on the geometric fidelity of the overlay image. For this reason we have given special attention to geometric errors that may commonly occur during fluorescence overlay, especially the ISD (Tible 1). For the purpose of the present study it is not important to know the exact origin of geometric errors, but it is necessary to be able to correct their potentially misleading results. In the field of computer-aided videomicroscopy, mathematical procedures have been or are still being developed to provide optimal correction of geometric errors (7,19,21) . However, very few investigators in the field of histo-and cytochemistry using fluorescence overlay do refer to these errors. To the best of our knowledge, no data are available on geometric errors and their remedy in fluorescence overlay imaging by photomicrography. Our findings show that the ISD may seriously hamper reliable evaluation of differences in antigen distributions close to the resolving power of the microscope. In the case of photomicrographic fluorescence overlay of the EBMZ and similar areas, it therefore appears essential to correct for the ISD with the highest possible precision.
For this purpose we have developed a mechanical alignment procedure using manual stage shifting, and an alignment verification test using double-fluorescent collagen Type VI1 as the geometric verification marker. This latter term must be distinguished from the geometric calibration spots used to assess the best-fit position of the cross-hairs (Figure 1 ) in the mechanical alignment procedure. The double-fluorescent verification marker clearly shows in the overlay image (Figure 3d ), whether or not the ISD correction meets the desired accuracy, hence the terms geometric uerifiGaon marhand alignment uer;fiGation test. Visual judgment from the aligned verification marker shows that the accuracy of the present ISD correction procedure compares remarkably well with that obtained by more rigorous automated procedures used in videomicroscopy (results not shown). There is little doubt that videomicroscopic correction of images offers certain advantages (19, 22). but these technical facilities are not standard equipment yet. Our procedure, using equipment widely available in the field of histo-and cytochemistry, may prove to be very useful to those lacking the advanced technology.
The use of multiband filter sets is claimed to offer an altemative to eliminate the problem of image shifting (12, 13) . Although this claim may be true, the use of these filter sets may present other problems, such as: (a) imbalance in signal strengths, depending on differences in fluorescence staining intensities; (b) substantial loss of fluorescence through-put, depending on the spectral narrowband separation; (c) greater difficulty in verifying spectral errors causing unwanted leakage of fluorescent signals into each other; (d) inability of fine-tuning individual images by varying exposure times; (e) poor control over fluorescence image conwt, especially in tissue sections, as one light source is used for excitation of the different fluorescent probes; (f) the necessity for an expensive color camera instead of a black-and-white camera when videomicroscopy is used (22, 23) . As some ofthese imperfections may interfere with the image color fidelity, to be referred to in a forthcoming report on FOAM, we still prefer the flexibility affered by changeable fdters.
We expect that the principles outlined herein will be helpful in the assessment and restoration ofthe geometric fidelity ofmulticolor fluorescence overlay images obtained by photomicrographic recording. Although the present procedures have been developed for reliable identification of differences in certain relative antigen distributions in skin tissue, they may serve this purpose in other tissues as well. Further studies are in progress to find out whether increasing the precision of FOAM will reduce the need for electron microscopic evaluation in the ultimate diagnosis of disease variants of subepidermal BID.
